Synaptic transmission is triggered by the spike-induced influx of calcium ions through voltage-activated calcium channels into the presynaptic terminal (Katz, 1969) . The characterization of presynaptically located calcium channels is thus crucial for the analysis of synaptic transmission. In general, two main classes of calcium channels were distinguished by their voltage dependence of activation, low voltage-activated (LVA or T-type) and high voltage-activated (HVA) calcium channels (Carbone and Lux, 1984; Fedulova et al., 1985) . HVA calcium channels have been further subdivided into L-and N-type due to their biophysical properties and their sensitivity to organic agents (Fox et al., 1987a,b ; for reviews of calcium channels, see Miller, 1987; Tsien et al., 1988; Bean, 1989; Carbone and Swandulla, 1989; Wray et al., 1989; Hess, 1990; Swandulla et al., 1991; Tsien et al., 1991) . Biophysical criteria for calcium channel classification have been challenged (see reviews in Carbone and Swandulla, 1989; Swandulla et al., 199 1) by a number of recent reports showing that L-and N-type calcium channels cannot be distinguished due to single-channel conductances and inactivation kinetics of whole-cell currents (Swandulla and Armstrong, 1988; Aosaki and Kasai, 1989; Plummer et al., 1989; Schroeder et al., 1990; Plummer and Hess, 199 1) . The classification of HVA calcium channels based on pharmacological criteria is widely used. According to this, dihydropyridine (DHP)-sensitive calcium channels are termed L-type (see reviews cited above). Non-DHP-sensitive calcium currents, which are blocked by w-conotoxin GVIA (w-CgTx), a peptide toxin of marine cone snails (Gray et al., 1988; Sher and Clementi, 199 l) , have been termed N-type (Plummer et al., 1989 ; see reviews in Miller, 1987; Bean, 1989; Tsien et al., 1991 ; Ntype calcium channels are critically discussed in Carbone and Swandulla, 1989; Hess, 1990; Sher and Clementi, 1991) . HVA calcium currents, which are not sensitive to either DHPs or WCgTx (further referred to as non-L-/non-N-type), have been described in peripheral and central neurons (Mogul and Fox, 199 1; Regan et al., 199 1) . With a fraction of funnel-web spider toxin, a calcium channel with properties distinct from T-, L-, and N-type channels was isolated from rat cerebellum and squid optic lobe and termed P-type (Llinas et al., 1989 ; see review in Tsien et al., 199 1) .
Calcium channels in presynaptic terminals, which mediate transmitter release, have been the subject of numerous investigations (see reviews in Augustine et al., 1987; Miller, 1987 Miller, , 1990 Smith and Augustine, 1988 ; see also Stanley et al., 199 1) . Since presynaptic nerve terminals of most neuronal cell types are not accessible to electrophysiological measurements, the biophysical properties of their calcium channels are only known for a few preparations of invertebrates (Edmonds et al., 1990 ; see review in Augustine et al., 1987) and vertebrates (Lemos and Nowycky, 1989; Yawo, 1990; Stanley and Goping, 1991) .
The role of LVA calcium channels in synaptic transmission has been rarely investigated, as highly selective blockers of this calcium channel type are currently not available. The pharmacological profile of presynaptic HVA calcium currents has been investigated intensively (see reviews cited above and also Tsien et al., 1988; Bean, 1989 (Himing et al., 1988) hippocampal slices (Kamiya et al., 1988; Dutar et al., 1989; Krishtal et al., 1989; Home and Kemp, 199 l) , and brain synaptosomes (Reynolds et al., 1986) of the rat and also on nerve terminals of the Xenopus hypophysis (Obaid et al., 1989) and the chicken ciliary ganglion (Stanley and Atrakchi, 1990) . Most investigators agree that L-type calcium channels do not mediate release of classical transmitters. It has been proposed, however, that L-type channels are involved in the release of peptides stored in dense-core vesicles, which is activated by high-frequency stimulation (Himing et al., 1988; Lemos and Nowycky, 1989; De Camilli and Jahn, 1990) . DHPs affect release of substance P in dorsal root ganglion cells (Pemey et al., 1986; Holz et al., 1988) after potassium-evoked depolarization.
The majority of investigations on presynaptic calcium channels of central neurons deal with hippocampal preparations; other brain regions, however, are poorly studied. The thalamus (Jones, 1985; Shepherd, 1990 ) is a key structure for central information processing ("gateway to the neocortex"; Shepherd, 1990) . Oscillatory properties of thalamic relay neurons have been intensively investigated (Steriade et al., 1990) . Whole-cell HVA calcium currents of thalamic neurons have not been characterized pharmacologically so far, and it is not known which types are involved in synaptic transmission.
We established a long-term culture of embryonic thalamic neurons with excitatory glutamatergic and inhibitory GABAergic synaptic responses. Evoked synaptic transmission was studied with pair recordings. Presynaptic calcium currents mediating excitatory synaptic transmission were investigated with a pharmacological approach, comparing the pharmacological profiles of whole-cell calcium currents and evoked excitatory postsynaptic currents (EPSCs).
Materials and Methods
Cell culture. Pregnant Wistar rats were anesthetized and decapitated. Whole thalami were dissected out of embryos (embryonic day 17) and t&mated with fire-polished Pasteur pipettes without prior enzymatic treatment. Dissociated cells were plated at low density (5 x 104/cmZ) in polyomithine-laminin-coated culture dishes and cultured in Eagle's basal medium with addition of 10% fetal horse serum, L-glutamine, glucose, insulin, penicillin, and streptomycin. During the first days in culture, intensive neurite outgrowth occurred and non-neuronal cells grew to a confluent monolayer. After 4 d, cytosine-fl-n-arabinofuranoside hydrochloride (10 PM) was added to the culture medium, in order to minimize proliferation of glial cells. Two different morphological types of neurons could be distinguished showing either bi-or multipolar neurite arborization. Electrophysiological recordings, data acquisition, and analysis. Wholecell currents were recorded at room temperature with the patch-clamp technique (Hamill et al., 198 1) . Patch electrodes (5-7 Ma) were fabricated from borosilicate glass and filled with a solution containing a physiologically low chloride concentration (100 mM K-nluconate. 10 mM KCl, 0.25 mM CaCl,, 10 mM EGTA, 20 mM HEPES;O. 1 mM Mg-ATP, pH 7.3). The extracellular solution contained 125 mM NaCl, 5 mM KCl, 5 mM CaCl,, and 20 mM HEPES, adjusted to pH 7.3. In order to record nonevoked miniature EPSCs (mEPSCs), spike activity was blocked with 1 MM tetrodotoxin (TTX). and inhibitorv inuut was SUDpressed with Sd NM (-)-bicucullme methochloride. 1; order to recoid calcium currents, extracellular sodium was replaced by choline, and intracellular potassium was substituted for by cesium chloride with tetraethylammonium chloride (20 mM) added. Discrimination of LVA and HVA calcium currents was based on their voltage dependence of activation (Carbone and Lux, 1984) .
For analog-digital conversion, stimulation, and data analysis, ~CLAMP software (Axon Instruments Inc.) was used. mEPSCs were analyzed with AurusP software. Critical detection parameters were the time-to-peak and the amplitude. The detection threshold was chosen according to the root-mean-square noise level of the recorded sample. This was estimated by the standard deviation (SD) of 1500 amplitude values measured at defined time intervals. The detection threshold was set at the twofold SD value. Values of peak and noise amplitudes were determined for each mEPSC and binned.
Drug application. In order to characterize calcium currents and postsynaptic responses pharmacologically, a spatially selective superfusion technique (Streit and Lux, 1989; Gottmann et al., 199 1) was used (Fig.  IA) . In order to ensure the application of a saturating concentration, in some experiments w-CgTx (Bachem Biochemica GmbH) was applied dropwise into the culture dish (final concentration, 2.5 and 5 PM, respectively). Nifedipine (Bayer) was dissolved in 0.25% dimethylsulfoxide, which itselfhad no effect. Experiments with this drug were carried out in a dimmed room. 6,7-Dinitroquinoxaline-2,3-dione (DNQX), (?)-2-amino-5-phosphonopentanoic acid (AP-5), kynurenic acid, (-)-bicuculline methochloride were from Sigma Chemie GmbH; ethosuximide was a kind gift of Goedecke AG and Desitin GmbH. . In order to study evoked synaptic transmission, we recorded from pairs of neurons. Presynaptic cells, held at -70 mV, were stimulated by depolarizing pulses, and evoked postsynaptic whole-cell currents (Fig. 1B ) were recorded at different holding potentials. The internal solution contained a low concentration of chloride. This allowed discrimination of EPSCs and inhibitory postsynaptic currents reversing near 15 mV and -60 mV, respectively. Extensive spontaneous synaptic activity distorted evoked responses and therefore was minimized by culturing thalamic neurons at low cell density (5 x 104/cm2; Fig. 1A ). This also increased the probability of finding a pair of neuronal cells with synaptic contacts.
Overall, 53 synaptically connected pairs were analyzed. The latency between the peak of the presynaptic action potential and the onset of the postsynaptic response ranged from 1.5 msec to 10 msec with a mean + SD value of 4.4 f 2.1 msec (n = 53; Fig. 1 B) . Latencies greater than 10 msec, which were presumably due to polysynaptic activation, were rarely observed, and these cell pairs were excluded from the analysis. A similar range of synaptic latencies has been reported previously for hippocampal synaptic transmission in culture (see, e.g., Scholz and Miller, 199 1) . In in situ recordings, shorter synaptic latencies have been measured (see, e.g., Sayer et al., 1989 ) presumably due to higher ambient temperature and the relatively intact glial sheath around neurons in slices, which is lost in culture.
In 45 pair recordings, EPSCs were evoked. Seven out of the 12 EPSCs tested reversed at an average potential of + 17 -t 8 mV ( Fig. 2A) , indicating that these currents were caused by a nonselective cationic conductance. Five out of the 12 EPSCs tested did not reverse at holding potentials up to +40 mV, presumably due to an electrotonically distant location of synapses, where the membrane potential cannot be effectively controlled. The mean amplitude of evoked EPSCs was 506 + 330 pA. Currents had a mean time-to-peak of 3.5 f 1.7 msec (n = 45) and decayed within 20 msec.
Evoked postsynaptic currents were characterized pharmacologically with a spatially selective superfusion technique ( Fig.  1A ; Streit and Lux, 1989; Gottmann et al., 1991) . EPSCs were reversibly blocked by the glutamate antagonist kynurenic acid (1 mM; n = 10; not shown), indicating that these currents were mediated by glutamate receptors. The contribution of NMDA and non-NMDA receptor subtypes to evoked EPSCs was determined with selective antagonists. DNQX (10 PM), a non-NMDA receptor antagonist, blocked 88 + 10% (n = 5; Fig. 2B ) of the peak current amplitude reversibly, leaving a slowly decaying component. AP-5, which selectively blocks the NMDA receptor subtype, completely abolished the slow current component with little effect on the peak amplitude (50 PM; n = 5; Fig. 2C ). Thus, non-NMDA and NMDA receptors mediated fast and slow components of excitatory postsynaptic responses. Rundown of evoked EPSCs was observed in 11 out of 13 pairs tested, ranging from -2% to -23% per min, with an mean of -7 + 6% per min.
In 8 out of the 53 neuronal cell pairs, investigated, postsynaptic currents reversed at an average potential of -53 + 6 mV (n = 8; Fig. 3A ), as to be expected for inhibitory responses due to chloride currents. The mean time-to-peak was 5.3 f 1.4 msec (n = 8). The currents decayed slowly, lasting for more than 20 msec. Since inhibitory synaptic responses were rarely evoked, spontaneous outward postsynaptic currents were characterized pharmacologically in cells held at -30 mV (Fig. 3B ). These were blocked by (-)-bicuculline methochloride (50 /I@, a selective GABA, antagonist (Fig. 3C) . Thus, excitatory, glutamatergic, and, less frequently, inhibitory GABAergic synapses had formed between cultured thalamic neurons. All further investigations were carried out on excitatory, glutamatergic synapses with a nominally magnesium-free extracellular solution to allow activation of postsynaptic NMDA receptors. mEPSCs due to spontaneous transmitter release In order to characterize calcium channels mediating presynaptic calcium influx, drug effects on postsynaptic receptors had to be excluded. Miniature postsynaptic currents, isolated by adding TTX to the extracellular solution, are due to probabilistic release of transmitter quanta and independent of presynaptic calcium influx. Drugs affecting postsynaptic receptors would alter the amplitude distribution of miniature postsynaptic currents. With impulse activity suppressed by TTX (1 PM) and inhibitory input blocked by (-)-bicuculline methochloride (50 PM), mEPSCs were recorded (Fig. 4A ) that could be blocked reversibly by kynurenic acid (1 mM; n = 3; not shown). The currents were thus due to quanta1 release of excitatory amino acids from presynaptic terminals. mEPSCs, reaching a certain threshold amplitude within a defined time, were detected. The detection threshold was chosen according to the noise level of the entire recorded sample. Amplitudes of mEPSCs ranged from -80 to -5 pA (Fig. 4B ). mEPSCs occurred with frequencies up to 40 events per second. Amplitude distributions of mEPSCs were asymmetrical (Fig.  4A) , with the smallest ampiitude (< 5 PA) buried in the recording noise.
Voltage-dependent calcium currents Voltage-activated whole-cell calcium currents of thalamic neurons were recorded in a sodium-free solution and elicited by depolarizing pulses from -70 mV to different holding potentials. i'ells with short neurites were chosen, in order to minimize inadequate voltage control. Both main types of calcium currents were present in thalamic neurons. LVA calcium currents activated at -50 mV (mean amplitude, -97 f 86 pA; n = 51). Amplitudes of LVA calcium currents fell in two groups with different ranges. The majority of neurons had LVA currents with amplitudes ranging from -20 to -165 pA and a mean value of 72 f 37 pA (n = 46). A minor group of neurons had prominently large LVA current components with amplitudes between -267 to -437 pA (mean value, -326 f 70 pA; n = 5). LVA calcium currents inactivated at -30 mV within 50 msec.
HVA calcium currents were elicited at -20 mV (mean amplitude, -470 f 380 pA; n = 52) and showed little inactivation during a depolarizing voltage step to + 10 mV (Fig. 4B) . Rundown of HVA calcium currents was observed in seven out of C 50/.&l AP-5 , 20ms nine cells tested, ranging from -1% to -7% per min with a mean of -5 + 3% per min, which did not differ significantly from rundown of evoked EPSCs. In this study, LVA and HVA calcium currents were activated at -30 mV and + 10 mV, respectively.
Efects of calcium channel blockers on whole-cell calcium currents, evoked synaptic transmission, and mEPSCs We first determined the contribution of LVA and HVA calcium channels to calcium influx into presynaptic terminals and thus evoked transmitter release. Micromolar concentrations of Cd block HVA calcium channels, while leaving LVA calcium channels relatively unaffected (Fox et al., 1987a; Swandulla and Armstrong, 1989) . In thalamic neurons, 50 PM Cd reversibly reduced whole-cell LVA calcium currents by 42 + 14% (n = 7; Fig. 5A ). HVA calcium currents were reversibly and almost completely blocked (93 + 7 % reduction; n = 8; Fig. 5A ). Glutamatergic EPSCs, evoked by presynaptic stimulation, were completely and reversibly blocked (n = 7; Fig. 5B ). Frequency distributions of mEPSC amplitudes were not affected (n = 7; Fig. 5C ), indicating that the inhibition of synaptic transmission was due to block of presynaptic calcium channels. Lower concentrations of Cd (10 PM and 20 PM) still affected LVA calcium currents (21 +-8% reduction, n = 7, and 35 f 17%, n = 7, respectively) and re- BAergic synaptic input. Number of detected uostsvnautic currents. 162 (conversibly reduced HVA calcium currents by 65 f 8% (n = 9) and 82 f 7% (n = 9). EPSCs were reversibly depressed by 62
In Figure 6 , effects of Cd on whole-cell calcium currents and glutamatergic synaptic transmission are summarized. It be-+ 10% (10 PM; n = 12) and 79 f 6% (20 PM; n = 7). comes evident that the reduced LVA calcium currents did not trigger transmission, as after complete blockade of HVA calcium currents, no postsynaptic responses were evoked. Thus, glutamatergic transmission in thalamic neurons was mediated mainly by HVA calcium channels. LVA calcium currents, however, might contribute to presynaptic calcium influx. This can only be investigated with strictly selective blockers of LVA calcium currents, which should reduce LVA calcium current amplitude by at least 50% without affecting HVA currents. We tested nickel, ethosuximide, and octanol, which have been reported to reduce this current type selectively (Fox et al., 1987a; Coulter et al., 1989b; Steriade et al., 1990) . Nickel (50 PM) and octanol (20 PM) also affected HVA currents (n = 5 and n = 6, respectively). In the five cells tested, ethosuximide (500 PM) did not affect LVA currents elicited from -70 mV holding potential. We next investigated which subtypes of HVA calcium currents Nifedipine. DHPs are organic agents that affect a distinct class of HVA calcium currents, named L-type. The effect ofnifedipine induce evoked transmitter release.
(50 PM) on whole-cell calcium currents and evoked glutamatergic EPSCs was tested. LVA calcium currents were not affected (n = 5; not shown). At a holding potential of -70 mV, HVA calcium currents were reduced by 16 f 10% (n = 6). The block was more pronounced if cells were held at -40 mV (30 + 10% inhibition; n = 6; Fig. 7A ). Our results show that the effect of nifedipine on calcium currents is voltage dependent, as described previously (Rane et al., 1987) . Nifedipine (50 PM) did not affect evoked glutamatergic EPSCs (n = 6). As the depolarization during a spike may be too short to allow nifedipine to be effective, we tested the DHP effect on transmitter release during prolonged, potassium-evoked depolarization of presynaptic terminals. mEPSCs were recorded, as described above. If presynaptic terminals (along with the patched postsynaptic neu- +30 +lO L mV ron) were exposed to an elevated concentration of KC1 (50 mM) for 1 set, the mEPSC frequency was increased by a factor of 16 f 14 (n = 14). This potassium-evoked increase of transmitter release depended on presynaptic calcium influx, as it was reversibly reduced by 76 + 9% (n = 6) with Cd (100 PM). Nifedipine (50 ,UM) did not inhibit potassium-evoked increase in mEPSC frequency (111 f 39% of control; n = 8). Using a similar approach, Brosius et al. (1990) also reported no DHP effect on transmitter release.
w-CgTx. The sea snail toxin w-CgTx is known to block a distinct component of neuronal HVA calcium currents irreversibly. We studied effects of w-CgTx on whole-cell calcium currents, evoked EPSCs, and mEPSCs. w-CgTx (2.5 JLM) did not affect LVA calcium currents of thalamic neurons (n = 3; not shown). HVA calcium currents, however, were irreversibly reduced by 32 + 11% (n = 8; Fig. 7B ). In four cells, HVA calcium currents were completely w-CgTx resistant. Glutamatergic EPSCs were inhibited by 32 * 19% (n = 9; Fig. 80 ). Synaptic transmission between four pairs (different cells as in HVA recordings) remained unaffected by w-CgTx. In order to confirm that the applied concentration of w-CgTx was saturating, the concentration was raised to 5 PM after calcium current or EPSC amplitudes had reached a stable level. No further reduction was observed (Figs. 7B, 8B) . In order to exclude interactions of w-CgTx with postsynaptic receptors, its effect on mEPSC amplitudes was tested. We found no change in frequency distributions of mEPSC amplitudes with w-CgTx (n = 4; Fig. 8C ), in agreement with previous reports (Kerr and Yoshikami, 1984; Sano et al., 1987) . Thus, depression of EPSC amplitudes by w-CgTx was due to reduction of calcium influx into the presynaptic terminal. Our results indicate that the major component of presynaptic calcium influx triggering synaptic transmission was through non-L-/non-N-type HVA calcium channels. w-CgTx-sensitive calcium channels contributed a minor portion to presynaptic calcium current.
Discussion
We established a culture of thalamic neurons from embryonic rats with functional synaptic contacts. Two main types of thalamic neurons (relay neurons and intemeurons) have been distinguished in vivo (Jones, 1985; Shepherd, 1990) . Some thalamic neurons in vitro showed a neuritic arborization similar to that of relay neurons, but no attempt was made to identify neurons.
With simultaneous pair recordings, we studied evoked synaptic transmission by stimulating presynaptically and recording postsynaptic whole-cell currents. GABAergic and, more frequently, glutamatergic postsynaptic responses via NMDA and non-NMDA postsynaptic receptors were evoked in cultured thalamic neurons. The transmitter phenotypes, found in vitro, agree with those previously described in slice and in in vivo prepa- rations. Both subtypes of ionotropic excitatory amino acid receptors (NMDA and non-NMDA) mediate synaptic transmission in thalamic neurons (Salt, 1987; de Curtis et al., 1989; Scharfman et al., 1990) . Inhibitory synaptic input has been shown to be GABAergic (Salt, 1989; Part, 1991) . EPSCs due to spontaneous, quanta1 transmitter release have not been described in thalamic neurons so far. Like in hippocampal neurons (Brown et al., 1979; Bekkers et al., 1990; Finch et al., 1990) , amplitude distributions of mEPSCs were skewed presumably due to either variable quanta1 size or release at synaptic terminals differing in electrotonic distance (Bekkers et al., 1990) .
Whole-cell LVA and HVA calcium currents were present in thalamic neurons in vitro as suggested by the previous work of Jahnsen and Llinds (1984) and confirmed by Coulter et al. (1989a) . These authors report that relay neurons from the ventrobasal complex expressed LVA calcium currents with amplitudes, which were large relative to those of HVA currents. We found that 10% of thalamic neurons in vitro had prominent LVA calcium current components, indicating the presence of . Whole-cell calcium currents of thalamic neurons were blocked by one-third by w-CgTx; in some cells, however, calcium currents remained unaffected. A high concentration of the DHP nifedipine blocked a small component of HVA calcium current. The block was increased at a more depolarized holding potential and was thus voltage dependent (Rane et al., 1987) . Our pharmacological characterization of HVA calcium currents in thalamic neurons in vitro showed the presence of DHP-and w-CgTx-sensitive current components, as has been shown for other central neurons (Mogul and Fox, 199 1; Regan et al., 199 1) . The major portion of calcium influx, however, was through non-L-/non-N-type calcium channels, which have been found in other regions of the rat brain (Mogul and Fox, 199 1; Regan et al., 199 1) . The analysis of the calcium channel types should be facilitated with pharmacological tools such as recently isolated fractions from spider venom (Llinas et al., 1989; Mintz et al., 1991) and more structural information on calcium channel proteins (Catterall, 199 1; Tsien et al., 199 1) become available.
The aim of this study was to characterize presynaptic calcium currents triggering synaptic transmission. Since the biophysical properties of presynaptic calcium currents could not be measured directly, we used a pharmacological approach comparing the sensitivities of whole-cell calcium currents and evoked EPSCs to different blockers.
It has been suggested that during an action potential a significant amount of calcium ions flows through LVA channels (McCobb and Beam, 199 1) . Thus, LVA calcium channels might mediate a portion of presynaptic calcium influx, which is comparable in size to that through HVA channels. We investigated whether presynaptic LVA calcium current induces evoked transmitter release. As previously described for other cell types (Carbone and Swandulla, 1989) , micromolar concentrations of Cd selectively blocked HVA calcium currents of thalamic neurons. With HVA calcium currents completely abolished and LVA currents partially reduced by 50 /IM Cd, no synaptic responses could be evoked. Thus, reduced LVA calcium currents could not trigger synaptic transmission, confirming previous suppositions (Holz et al., 1988; Kamiya et al., 1988) . These experiments do not exclude, however, that LVA currents contribute to the calcium influx into presynaptic terminals. This can only be tested if strictly selective LVA channel blockers become Lemos and Nowycky (1989) and Yawo (1990) did not detect LVA calcium channels in vertebrate presynaptic terminals. We further analyzed the types of presynaptic HVA calcium current that mediate evoked transmitter release. Previous investigations have led to the conclusion that DHP-insensitive but w-CgTx-sensitive calcium channels play a major role in synaptic transmission, with some evidence obtained by electrophysiological studies (Kamiya et al., 1988; Dutar et al., 1989; Krishtal et al., 1989) . A major or exclusive role of HVA calcium channels, which cannot be classified as L-, or N-type, in synaptic transmission has been proposed previously (Seabrook and Adams, 1989; Suszkiw et al., 1989; Charlton and Augustine, 1990) . In thalamic neurons in vitro, glutamatergic synaptic transmission was insensitive to nifedipine and was only blocked by onethird by a saturating concentration of w-CgTx. The predominant part of the presynaptic calcium influx was thus through non-L-/non-N-type HVA calcium channels. We suppose that synaptic Figure 8 . Effects of w-CgTx on EPSCs and mEPSCs. A, Reduction of EPSC amplitude by w-CgTx (2.5 PM) at -70 mV holding potential. B, The reduction was not due to rundown and was not increased by an elevated concentration. C, The effect on evoked EPSCs is due to a reduction of presynaptic calcium current. Frequency distributions of mEPSC amplitudes were similar before (upper panel) and in the presence of wCgTx (2.5 NM; lower panef). The number of detected mEPSCs was 2243 under control conditions and 2081 with w-CgTx; recording duration, 1 min; bin width, 1 PA, holding potential, -70 mV. transmission between central neurons might be mediated by different types of calcium channels, and that the relative contribution of a specific type may vary in different brain regions.
